Abstract-The present work is based in a study starting from the behavior and characterization of films made from a 2% total solids (TS) dispersion of easy accessibility raw materials such as, cassava starch (Y), potato (P) and rice (A), combined with a protein i.e. gelatin (G) in a 50:50 ratio; adding guaiacum wood fiber of 75 and 150 µm (Ff and Fg respectively) until 1% (TS). Furthermore, glycerol was incorporated as plasticizer until 30% TS. The biodegradable films were elaborated by casting method. The films were characterized on the following parameters: thickness, water permeability and mechanical properties (Young modulus, tensile stress and elongation). It was found that the films made of AG-Ff and PG-Ff shown better barrier to the water vapor permeability with values of 2.5 and 2.4 (g. mm. KPa -1 . h -1 .m 2 ) respectively. The PG-Ff film showed, also, better mechanical properties i.e. higher Force, Young modulus and tensile stress increasing with time, with the lower elasticity; the YG-Ff and YG-Fg films reported the higher elasticity, being this parameter of interest, we will continue with this formulae to other manufacturing processes.
I. INTRODUCTION
Plastics are widely used as packaging material and the common destiny of this material after usage is garbage bins for its disposal. Nevertheless, plastic waste is hard to degrade; situation that is aggravated due to a fast-growing world population. Indeed, it is expected an increment of about 37% of the solid waste generated worldwide by 2030. Latin America and Caribbean countries are not the exception, and nowadays about 370 thousand tons of waste is generated in their urban areas being 4% plastics; which represents 16 million tons of plastic waste per year, its accumulation represents an environmental issue [1] . As a result, new technologies are being developed to reduce the environmental impact of packaging materials; these technologies include bio degradable polymers and biocomposites. Among the materials with high expectations to replace plastic, due to its availability, are the starches [2] . The matrices made from starches possess desirable properties such as flexibility, transparency and thermoplasticity [3] . Starches from different origins such as, cereal, legumes and tubers have been used as edible films for foodstuff, with the objective of extend their shelf life [4] [5] [6] [7] [8] Also, biodegradable materials have been studied and applied for vessel production using different manufacturing techniques. Lately, cassava starch alone or blended with other polymers has been subject of study, due to its physical properties, with the objective of improve or change its mechanical properties [9, 10] .
Another starch of interest to produce films is the potato starch because its physicochemical properties changes depending of the variety and the location where it is cultivated [11] [12] [13] [14] , the potato starch matrices possess a low gelatinization temperature, low tendency to retro degradation and high resistance to enzymatic degradation [15] .
Furthermore, the rice starch shown a high amylose content which results in higher gelatinization temperature, in addition, lower viscosity and retro degradation [13, 16] , characteristics that results in films with low water vapor permeability and good mechanical properties.
Gelatin is widely used due to its films properties i.e. light protection and good oxygen barrier [17] . When films are made solely from gelatin, these shown good tensile stress resistance and mechanical properties but low elasticity, due to its internal configuration of hydrogen bonds, which is considered as a disadvantage when making films for vessels. Blending gelatin with other biopolymers have resulted in matrices with improved resistance to tensile stress and elongation due to collagen hydrolysis [18] [19] [20] [21] .
The addition of fibers, such as, bamboo, coconut, cotton husk, rice husk, graminid grasses, indeed bagasse, are used as a plastic reinforcement, being compression molding the more successful technology applied. Improved plastic matrices with better flexibility has been obtained when using polypropylene, polystyrene, epoxy, polyurethane, and phenolic resins with fibers such as linen, sisal, cotton, and a blend of linen/cotton [22] . Also, there are studies performed with incorporation of nano-particles aiming better mechanical properties of the film [23, 24] , the results vary depending on the quality of the components and blends improving, as well, the water vapor permeation shield, oxygen barrier and optical properties [25, 26] .
Also, it has been shown that adding foodstuff origin fiber to starch-glycerol matrices improve film characteristics, i.e. Young Modulus. Meanwhile, other fibers such as cassava bagasse or kraft paper added to matrices of biopolymers resulted in improved mechanical properties and its use as rigid containers for fresh foodstuff [23] .
16
th LACCEI International Multi-Conference for Engineering, Education, and Technology: "Innovation in Education and Inclusion", 19-21 July 2018, Lima, Peru.
2
The advantage of natural fiber lies in the fact that are processed with ease, and are attractive for developing nations, where is easy to get these crops (hemp, white jute and linen) [27] [28] [29] [30] [31] . The aim of this work was to study the behavior and characterize biodegradable films, made of three different matrices i.e. a) cassava, b) potato and c) rice starches mixed with a protein (gelatin), with the addition of thin Guaiacum wood fiber (75 and 150 µm particle size). It is awaited the added fiber would be compatible and improve the mechanical properties of the film, as a result, the formula can be used in the conformation of rigid containers by any method of common use in plastic manufacturing. Fig. 1 and 2 ). Film elaboration Films were made by mixing a 2% (w/w) TS dispersion of cassava, potato and rice starch with gelatin. The starches were dissolved using distilled water and gelatinized using a thermal bath (Thermo Scientific, 18902A, Germany.) at 100 °C by 30 minutes. Except, when using rice starch, where the temperature was reduced to 80 °C and the time was increased by 15 minutes (45 minutes total). The gelatin was dissolved using distilled water, then the solution was placed over a heating plate for 30 minutes, keeping the temperature less than 80°C. The cassava, potato and rice starch solution were mixed in 1:1 ratio with the gelatin solution (YG, PG and AG respectively). The fiber was incorporated to the polymer matrix until 1% (w/w) TS, then, the mix was left still by 20 minutes for fiber hydration; avoid in this way its agglomeration. After this, glycerol was added until reach 30% (w/w) TS. The dispersion without fiber was subjected to homogenization for 4 minutes at 12000 rpm, and 7 minutes for dispersion containing fiber; this variation of time allow fiber to break and blending with the rest of dispersion components, before placing it in the mold. When the dispersions reach 40 °C were placed in a Teflon mold for curing during 48 hours by natural convection; the films were stored for 7 days in a desiccator containing the saturated solution of hexahydrate magnesium nitrate for the initial time assay (Ti) and for 60 days for the final time assay (Tf). In Table 1 the prepared blends and used nomenclature for this assay is explained. 
II. MATERIALS AND METHODS

A. Raw material
F. Water vapor permeability (PVA)
The water vapor permeability was measured following a modification of the gravimetric method ASTM E96-95 [32] . For a 53 -100% relative humidity (RH) gradient and 25°C, four repetitions were made. The samples were placed between the base and cap of a 4.9 cm. diameter glass cup containing 15 ml of distilled water (100% RH). Then, the cups were placed inside of a stabilized desiccator equipped with fans (CPU & S.Tech 12V.) at the top, to keep a homogeneous atmosphere and assure a negligible resistance of the film surface. The desiccators were kept in a chamber with a controlled temperature of 25°C and 58-60 % RH. The permeability study was performed by weighing each cup using a Mettler Toledo, XP2004S electronic scale (±0,0001g) at 1.5 hours interval for a period of 24 hours. The water vapor transmission was calculated using the slope obtained in the linear regression analysis after graphing the weight vs time and divided by the film area; it is expressed in g.mm. kPa -1 .h -1 . m -2 .
G. Mechanical properties
The film mechanical properties were determined using a universal testing machine IDM S.L. (San Sebastian -Spain.) IDM test/MTC V1.301 with a "Registra 3 RG3" software version 2.79.7.281 ALDATEC Spain. For each formulation, 16 samples (100 x 15mm) were prepared. The maximum force used was 35 N, with a maximum extension of 80 mm and the speed of elongation was 100 mm/min. The parameters evaluated were: Force (N), Young modulus (E), Tensile stress (TS) (MPa), deformation until fracture E (%).
H. Scanning electron microscopy (SEM)
A FEI® Inspect S50 (Netherlands) scanning microscope was used to study the morphology of the film with the more suitable mechanical properties. Rectangular films (6 x 1 mm) were cut, and submerged in liquid nitrogen, then, immediately fractured to assure a clean cut. The samples were coated with gold to make them conductors (about 1.5 minutes), using an EMITECH SC760 mini sputter coater, and examined using an accelerating voltage of 10 KV. Images were taken by triplicate.
I. Statistics
Data was subjected to analysis of variance (ANOVA) using Statgraphic Plus 5.1 software (Manugistics Corp, Rockville -MD).
The method of least significant difference was applied with a 95% of confidence interval, where the different superscript a, b and c inside a column indicate significative differences among different formulations for a single storage time; on the other hand, the x superscript inside the same formulation indicates significative differences among the different times of storage for a single formulation.
III. RESULTS AND DISCUSSION
A. Fiber moisture
The fiber moisture was determined in the two-different particle size (75 and 150 µm), as it can be seen in Table 2 , Ff is the film showing less moisture (7%). [33] , who worked with guaiacum wood dried using natural convection with a 12% moisture.
B.Film thickness
Film thickness results for different formulation are shown in Table 3 . It can be seen that blanks (YG, PG, and AG) reported the lowest values for Ti and Tf, meanwhile YG and AG blanks are the only ones without significative differences, being the more stables. Films shown significant difference, among them and along the time, when fiber was added to the films. Also, it was observed that Ff and Fg films incremented their thickness along time, being the matrix made of potato starch the ones with higher increment. These results can be related to the hydrophilic nature of the biodegradable films, and the correlation of positive slope with th LACCEI International Multi-Conference for Engineering, Education, and Technology: "Innovation in Education and Inclusion", 19-21 July 2018, Lima, Peru. 4
water vapor permeability and thickness [32, 33, 34, 35] observed with the potato starch matrix with the two sizes of fiber particles. It is considered that when the film thickness increase, the resistance to mass transfer through it increases as well; resulting in an increased equilibrium water vapor partial pressure at the interior surface of the film. Also, the thickness increment may be related to changes in the film structure due to the water swollen in the polymer [36, 7] . When fibers are added to a biodegradable film, the final thickness of the film increases, because it exists a moisture absorption provoked by the fibers and its particle size; being directly proportional with the moisture, verifying the obtained results.
C. Water vapor permeability (WVP)
It was observed that the blanks YG, PG and AG possess the lowest values of WVP at either Ti or Tf, reason why it can be considered as a good barrier. The film Ag-Ff showed a lower value of WVP at Tf, this result suggests that it is a good barrier. When fiber is added to the films, the films shown a similar behavior among them. The statistical analysis suggests that there are not significant differences among them and times when the films contains fiber ( Table 4) .
The WVP of all films increase with time, but the AG-Ff which decreases. This result suggest that the structure and bonds turn stronger with time, making this film a good barrier. Comparing all the films containing Ff with those containing Fg, the best WVP are the films containing Ff. These results are similar to the finds reported by [37, 38] when studying the addition of nanoparticles to starch, particularly the reduction of moisture transference, which results in a low water permeability. Reference [39] results, when working with corn starch films and 15% of Taro nano particle, suggest the formation of aggregates that ended diminishing the WVP, which is related with the indirect relation between longest diffusion pathway and lower WVP [40 -42] .
D. Mechanical Properties
The measured mechanical properties i.e. Force (F), Young modulus (E), tensile stress (TS) and deformation (D) determine the inter and intra molecular characteristics of the biodegradable films. The addition of fiber should result in an increment of the values for F, E and TS; however, an excess of fiber would make the films brittle [7, 43] . The F of the formulated films at Ti and Tf have similar behavior to the values found in the parameter TS (Table 5 ). On the other hand, in the films without fiber the force decreases with the time, contrary to when fiber is added to the formula. The film PG-Ff shown a value of 20N, therefore, is more rigid than the other films. These results are in agreement with the values reported by [44] in wheat starch when using different glycerol % and RH, their results are comparable to our results only when working with 20% of glycerol and 11% RH. Table 5 also shown TS of the formulated films at Ti and Tf. The film with higher value of TS is the PG-Ff at Tf, comparing this value with the ones obtained at Ti, we can suggest that TS increase along the storage time.
Reference [1, 40] , found that the effect of fiber particles in films improve its mechanical properties with the time. For rice starch films with 5% of nanoparticles reference [1] , reported a TS value of 10 MPa, these are in well agreement with the value of 8-14 MPa found in this study when using 1% of fiber for the Ff and Fg films between the 2 assay times.
Reference [45] , shown that TS increases in the 3% cassava starch film when cellulose fiber was added, this result suggests that the films became more rigid, similar to the results reported by [46] , when working with wheat starch films with added cellulose fiber. The results on the parameter D are higher for the YG films, either for Ff and Fg. It was observed that the YG film increased at Tf with the time, these results are opposed to the reported by [47] , who work with pea starch and rice fiber, where the values decreased at Tf. This tendency is similar to the results obtained in the films containing starch (PG and AG) at Tf, same behavior reported by [45, 46] , where the elongation decreases in the films with added fiber.
The Young modulus (E) is an indicator of the film rigidness, as a result, the higher the value of E the more rigid the material [44] . Result suggests that the more rigid film is the PG-Ff in agreement with the higher values obtained for F y TS. Overall the value of E decrease with the time in the films that contain cassava starch and fiber, contrary to the films made from potato and rice starch with added fiber. Opposite to the results reported by [48] where the rice starch with added cotton fiber and 2% of stearic acid reported an increment of E when the % of fiber increased until 10%, higher concentrations resulted in lower values of E. Similar results were reported by [49] , when working with cassava starch and coconut fiber he reported higher values of E when increasing the content of fiber. E. Scanning electron microscopy (SEM) Figures 3 and 4 shown micrographs of the matrix PG with added fine and thick fiber (Ff and Fg, respectively) using 1500x magnification. It can be seen that matrices without added fiber (starch and gelatin only) are rippled, similar to the findings of [19] . The films with added fiber shown a good incorporation of the fiber to the matrix, this finding is in agreement to [45] observations, who reported a homogeneous distribution of fibers without crack or pores when added different concentrations of soft wood fiber to a starch matrix; contributing to better mechanical properties. Nonetheless, concentrations of fiber 1% or higher, shown a poor interface adhesion due to the appearance of agglomerates [2] . Importantly, the distribution of the fiber along of the matrix varies depending the type of fiber used (Ff or Fg). 
IV. CONCLUSIONS
The results shown that the addition of wood fiber (Guaiacum) to the films made from blending cassava, potato and rice starch, with gelatin in a 50:50 ratio, affected the thickness and water vapor permeability of the film, due to when fiber was added to the matrix, the thickness increased along the observation time (7 to 60 days). As a result, the resistance of the film to mass transfer increases, improving the barrier properties; being the film made from potato starch and gelatin "PG" with both fiber particle size the ones showing higher values in the measured parameters. Being the film with thin fiber "Ff", the one who shown better barrier, with better net compaction, followed by films made from cassava and gelatin (YG). The characterization for mechanical properties shown that the film PG-Ff had higher rigidity, therefore, it th LACCEI International Multi-Conference for Engineering, Education, and Technology: "Innovation in Education and Inclusion", 19-21 July 2018, Lima, Peru. 6
reported higher values of force, tensile stress and Young modulus with a lower elongation compared to the other film formulas. The films made from cassava and gelatin "YG" regardless of the fiber shown better elasticity. Therefore, the results suggest that the potato starch, gelatin and thin fiber (PG with Ff) matrix shown the best force characteristics, on the other hand, the cassava starch, gelatin and thin fiber (YG with Ff) matrix shown the best elongation, resulting in candidates for thermoforming in similar conditions to the plastics. The morphological study using SEM shown a good incorporation of the fiber to the PG matrix without cracks or pull outs, for both used fibers. Therefore, future work aims to apply thermoforming to the, developed, potato and cassava matrices with added fine fiber to obtain a biodegradable compostable container able to protect products sensible to transportation, similar to the plastic protection used in foodstuff export.
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